Abstract. In 1995, De Vos introduced a thermoeconomical analysis for heat engines working in finite time. This analysis was made by the maximization of a benefit function defined as the ratio of the power output and the total costs which are associated to the investment and the fuel consumption. The De Vos methodology has been applied to several heat engine models working at different regimes of performance. In the present work we apply this methodology to a simple model of a chemical engine which works between two reservoirs of constant chemical potential. In this work we take into account a diffusive transport law of particles. From the optimization of the benefit chemical functions defined as the ratio of some characteristic function (power output, efficient power and ecological function) and the total cost involved in the performance of the chemical engine, we obtain the optimal chemical efficiencies under different regimes of performance in an analogous way to the thermo-economic method proposed by De Vos.
Introduction
In 1995 [1], De Vos introduced a thermoeconomical analysis of an irreversible heat engine model, the so-called Novikov plant model (see Figure 1) [2], in terms of the maximization of an objective function defined by the ratio of the power output and the running costs of the plant exploitation. De Vos [1] assumed that the running costs of the plant consist of two parts: a capital cost that is proportional to the investment and, therefore, to the size of the plant and a fuel cost that is proportional to the fuel consumption. De Vos [1] showed how the optimal efficiency, opt h (in the economical sense) smoothly increases from the maximum-power point (Curzon-Ahlborn efficiency, CA h [3] ) corresponding to energy sources where the investment is the preponderant cost up to the Carnot value (Carnot efficiency, C h ), that is, for energy sources where the fuel is the predominant cost when the heat fluxes in the Novikov model are given by a linear Newtonian heat transfer law; that is, 
where f is the fractional fuel cost (see Table 1 of the Ref.
[1]), which is defined as the ratio of the cost of the fuel consumption and the running costs of the power plant;
with H T and L T the temperatures of the hot and cold thermal reservoirs respectively (see Fig. 1 ). Later, Barranco-Jiménez and Angulo-Brown [4, 5] also studied the Novikov engine model following the thermoeconomical approach used by De Vos, but by means of the so-called ecological optimization criterion. The ecological optimization criterion consists in maximizing the well known ecological function [6, 7] defined as
, where W is the plant's power output and s is the total entropy production of the endoreversible power plant model. Barranco-Jiménez and Angulo-Brown [4, 5] also obtained an optimal efficiency E opt h between MP h and C h that drastically reduces the entropy production of the engine. Besides the optimal efficiency satisfy the following inequality The concept of heat engine working between two thermal reservoirs has been extended to chemical engines working between two reservoirs of constant chemical potential µ [9] . This model of chemical engine has been studied under the methodology of finite-time thermodynamics (FTT) [9] [10] [11] [12] . Some authors [13] have considered that these chemical engine models can have practical value for many devices such as chemically reactive devices, mass exchangers, photochemical cells and solid-state devices. Recently, Barranco-Jiménez et al. [14] also studied the thermoeconomics of an endoreversible chemical engine model by applying the De Vos methodolody. In that study, they also take into account a linear mass transfer law that comes from the linear irreversible thermodynamics [9, 13] . Besides, in their study they consider three different regimes of performance: maximum power output [3] , maximum efficient power [15] [16] [17] and maximum ecological function [6] . In the present work we also study the thermoeconomics of an endoreversible chemical engine but taking into account a diffusive transport law of particles. From the optimization of the benefit chemical functions defined as the ratio of a characteristic function (power output, efficient power and ecological function) and the total cost involved in the performance of the chemical engine, we obtain the optimal chemical efficiencies under different regimes of performance by using the De Vos methodology. Fig. 2 the fluxes " y $ are given by,
where ℎ " y ℎ $ are particle conductances also called coefficients of diffusivity, and / (i=1, 2, 3, 4) are the particle concentrations per unit volume, and they are related with the chemical potentials by means of,
where 0 denotes the chemical potential at normalized concentration 0 , being the Boltzmann constant. From mass conservation we have,
Applying the firts law of thermodynamics to the model of Figure 2 we obtain,
By combining Eqs. (4) and (6) we get,
being the work production per mole of fuel, which is given by = / , and from Eq. (4) immediately we obtain
by using Eqs. (2), (3) and (5) we get,
by solving Eqs. (7) and (9) for the two unknown concentrations & and ( we obtain [9] , 
By substituting Eq. (9) into Eq. (2) we have,
From Eq. (12) and by using the definition of we obtain, On the other hand, when we apply the second law of thermodynamics to Fig. 2 , the rate of entropy production of the chemical engine is given by [9] ,
where X is the "Carnot" chemical efficiency and by using Eq. (4) it results [9] ,
by substituting Eq. (12) 
We see that the curve of \] presents a maximum point ξ * between 0 and ξ U . The maximization condition \] ξ = 0 results in a transcendental equation. The same occur for _] and \_ (see Fig.  3 ). Figure 3 shows the behavior of the three profit chemical functions and we can observe that there exists an optimal chemical efficiency value which depends on the parameter = / and the optimum value of the chemical efficiency ξ * . We can also observe that the maximum of benefits tends to the reversible value ξ = ξ U as the parameter tends to infinity, such as it occurs for thermal engines [1] [2] [3] [4] . 
In Figure 4 , we show the optimal efficiencies under the three regimes of performance. As it is shown in these figures the three optimal efficiencies smoothly increase from the maximum efficient point (in each regime), corresponding to energy sources where the investment is the preponderant cost up to the "Carnot" chemical efficiency ( X ), that is, for energy sources where the reactants are the predominant cost [1], and we can also observe that for all the values of the fractional cost, the optimal efficiencies satisfy the following inequality,
Finally, we can calculate the total entropy production and the power output under the three regimes of performance. In Fig. 5 we see how the inequality σ \] * > σ _] * > σ \_ * is hold [6, 7, 14] . In Fig. 6 , we can see how the ME-regime produces less entropy than the other two regimes.
Concluding Remarks
In the present work, we applied the De Vos methodology to an endoreversible chemical engine model, i. e., an engine operating between two reservoirs of constant chemical potential. In our chemical engine model we take into account a diffusive transport law of particles. From the maximization of chemical profit-functions defined in terms of some model characteristic functions (power output, efficient power and ecological function) and the costs related to investment and reactants consumption, we obtain the optimum efficiencies for this model under different performance regimes. Besides, we analyze both, the effect on the reduction of power output and the reduction in the total entropy production under the three considered regimes of performance. The extension of thermoeconomic studies from heat engines to chemical engines can be useful to analyze some aspects of biochemical systems, such as photosynthetic processes.
